Abstract: Transformation of β-carboline derivatives into optically active entities were studied and the de and ee values of the resulted compounds were detected.
Introduction
Several chiral tetrahydro β-carboline derivatives with potent biological activity were isolated from different plants, e.g. (1R)-tetrahydroharmine (1) from Banisteria caapi [1] . Current interest for their stereoselective synthesis initiated the publication of a number of papers [2] [3] [4] .
We studied the possibility of introducing a chiral auxiliary into the indole derivatives in a given step of the synthetic sequence thus facilitating a stereoselective approach to the title compounds. The most convenient method seemed to be the introduction of an enantiomerically pure acyl group followed by reduction and subsequent elimination of the Scheme 1 (1R)-Tetrahydroharmine (1) and enantiomers (2a,2b) of tetrahydroharman.
auxiliary. In this work (1R) -(2a) [2c] and (1S) -tetrahydroharman [3a] (2b) were selected as target molecules (Scheme 1). We used the easily accessible 1-methyl-3,4-dihydro-β-carboline or harmalan [5] (9) (see Scheme 4) as starting material for our studies.
Results and discussion
As we observed earlier, the acylation of 9 with sulphonic acid chlorides always led to Cacylated derivatives instead of the expected indol-N -acyl compounds [6] . The vinylsulfon (3) , as a result of the reaction between 9 and (1S)-(+)-10-camphorsulfonyl chloride was reduced by different means (Scheme 2), but no diastereomeric excess was detected. In the course of the reaction with sodium triacetoxyborohydride or with catalytic hydrogenation, a mixture of 4a and 4b diastereomers were obtained in a ratio of ∼1:1 according to their HPLC and the NMR spectra. Reduction of 3 with sodium borohydride provided alcohols 5 and 6.
Scheme 2 Reduction of vinylsulfon (3).
While using Raney nickel catalyst in the hydrogenation we obtained racemic 1-methyl-1,2,3,4-tetrahydro-β-carboline (2) . Since the reduced diastereomers (4a and 4b) were not prone to further reduction by catalytic hydrogenation in the presence of Raney nickel catalyst (only the alcohol 5 was formed), we can safely assume that in this case the vinyl-S bond is cleaved in the first step, followed by the reduction of 1-methyl-3,4-dihydro-β-carboline entity. It may be assumed that there is a general phenomenon that the mono-sulfonyl group is much easier to cleave if it is connected to an sp 2 , rather than to an sp 3 , carbon atom. Diastereomers 4a and 4b were separated by chromatography, but the configuration of C-1 could not been elucidated. Even after trying several methods described in the literature [7] [sodium amalgam, magnesium/methanol, zinc/acetic acid, sodium metal in ethanol, sodium borohydride with tetrakis(triphenylphosphine) palladium(0)], we did not succeed in removing the camphor sulfonyl auxiliary. Moreover, in the presence of NICRA catalyst [8] (prepared from nickel diacetate, sodium hydride in tert.-amyl alcohol), only traces of 2 could be detected by thin-layer chromatography.
Scheme 3 Reduction of bis-sulfonyl derivative (7).
The bis-sulfonyl derivative (7) we prepared earlier [6] was investigated also (Scheme 3). Catalytic reduction of 7 led to the monosulfonyl compound (3), while reduction by sodium borohydride resulted in the bis-hydroxy derivative (8) .
Thereafter, acylation of harmalan (9) with chiral carboxylic acid drivatives (10a-j) was investigated (Scheme 4).
The acylation reaction was carried out with acid chlorides (10a-f,i) in the presence of triethylamine, or with carboxylic acids (10g,h) using DCC. While using 10j, gulonic acid derivative, 11j was prepared by mixed anhydride method applying isobutyl chloroformate (IBCF) and N -methylmorpholine (NMM). Subsequent catalytic reduction of the obtained amides (11a-j) yielded the mixture of 12a-j and 13a-j diastereomers. In the course of hydrogenation of the N -benzyloxycarbonyl-prolyl derivative (11f ) the benzyloxycarbonyl group was also removed.
The diastereomeric excess values (de) were measured by GC and HPLC (Table 1 ). The details of chromatographic methods used have already been published [9] . The diastereomeric mixtures were then hydrolyzed to the enantiomeric mixtures of the tetrahydro derivatives (2a,2b) by potassium hydroxide and hydrazine hydrate in ethylene glycol under reflux at 200
• C (12a-i,13a-i). Gulonic acid derivatives (12j,13j) were hydrolyzed by potassium hydroxide in refluxing ethanol. The enantiomeric excess values (ee) in mix-Scheme 4 Asymmetric reduction of harmalan (9) acylated with chiral auxiliaries. tures 2a and 2b were established by measurement of the rotatory power. In some cases (mixtures of 12g,h and 13g,h) the separation of diastereomers 12g,h and 13g,h were performed by chromatography.
The reaction conditions of hydrogenation and the obtained selectivity (de and ee values) are summarized in Table 1 . In the course of hydrogenation the best results (63.8 % de and 52.4 % ee) were obtained while using (1S)- (-)-camphanyl chloride (10a) as acylating agent and the hydrogenation was carried out in the presence of palladium catalyst on silicon dioxide at a pressure of 50 bar.
The difference between the de and ee values can be rationalized by assuming a modest racemization during the harsh reaction conditions (ethylene glycol, potassium hydroxide, 200
• C) applied to perform the hydrolysis carried out until the starting diastereomers disappeared. Moreover, the reaction time of hydrolysis proved to be different in diastereomers of different diastereomeric excess causing the fluctuation of the ee/de ratios, even in the case of the same compound.
In the course of hydrogenation compounds acylated by N -pivaloyl-(L)-proline (10h) and the gulonic acid derivative (10j), respectively, only a very poor selectivity could be detected.
In the diastereomeric mixtures (12g,i and 13g,i), besides the de values (see Table 1 ), the stereo structures were also investigated by the following method. The mixture of 2a and 2b containing the enantiomer with (+) rotating power in excess (Table 1 , entry 10, 38.1 % ee) was reacylated with 10g and 10i, becoming the diastereomeric mixtures of 12g,i and 13g,i, respectively.
Comparison of the obtained compounds with the original diastereomeric mixture with HPLC gave the following results.
In the mixture derived from the N -dimethylacetyl (L)-proline (10g), the component having C-1 (S)-configuration (13g) is in excess, while in the other case the (1R)-diastereomer (12i) is in excess.
Upon standing, in some of the N -acylated compounds (11b,c,d,g ) a minor component could also be detected which proved to be the 14b,c,d,g indole derivatives (Scheme 5) according to the NMR spectra. This type of ring cleavage in connection with N -acylated dihydro-β-carbolines is known in the literature [10] . In the case of acylated compounds 11d and 11g, compounds 14d and 14g, respectively, could be isolated. Moreover, during the acylation reaction with (L)-Boc-NH-Pro-OH, only the product resulting from the ring cleavage (14k) was obtained from the reaction mixture. In summary, acylation of 1-methyl-3,4-dihydro-β-carboline (9) with chiral auxiliaries and subsequent reduction and hydrolysis of obtained enamides led to enantiomeric mixtures of 2a and 2b of different enantiomeric excess. The diastereomeric excess of Nacylated tetrahydro-β-carboline diastereomers (12 and 13) was determined by GC and HPLC.
Experimental
Melting points are uncorrected. IR spectra were recorded on Zeiss IR 75 and 80 instruments.
1 H-and 13 C-NMR spectra were recorded on a Bruker DRX-500 spectrometer. All mass spectrometric measurements were performed on a VG ZAB-2SEQ mass spectrometer, operating under EI conditions (70 eV, ion source temperature 200
• C). Samples were introduced directly into the ion source by a probe. Accurate mass measurements were obtained by the peak-matching technique at 10000 resolving power (10 % valley definition). The measured masses were accurate to +0.003 amu. Optical rotations were measured with a Perkin-Elmer 241 polarimeter. TLC was carried out using Kieselgel [19] were synthesized by literature methods. Details of reacylation experiments were reported previously [9] .
4 Reduction of vinylsulfon (3) 4.1 Method A To a suspension of NaBH 4 (74 mg, 1.96 mmol) in benzene (4 ml), glacial acetic acid (0.36 ml, 6.3 mmol) was added dropwise with stirring in nitrogen atmosphere. The reaction mixture was heated at 80
• C for 15 min. After cooling to rt, 200 mg (0.502 mmol) of 3 was added, and the mixture was stirred for 1 h. The reaction mixture was washed with saturated NaHCO 3 solution (2×5 ml) and with H 2 O (2×5 ml). The organic phase was dried with MgSO 4 , the solvent was evaporated at reduced pressure, and after preparative TLC (CH 2 Cl 2 -MeOH 20:1), 116 mg (57.7 %) of diastereomeric mixture (4a,4b) was obtained.
Method B
To a solution of compound 3 in DMF (18 ml), 1 ml of ethanolic hydrogen chloride (13.5 %) was added and the solution was hydrogenated in the presence of 10% Pd/C at rt and atmospheric pressure for 24 h. The catalyst was removed by filtration and the filtrate was evaporated. The residue was purified by chromatography as in Method A and 118 mg (39 %) of a ∼ 1:1 mixture of diastereomers (4a,4b) was obtained. IR (KBr) 3392, 2960, 1740, 1320, 1128, 752 
Method C
Compound 3 (323 mg, 0.81 mmol) was dissolved in a 1:1 mixture of 5 ml MeOH-CH 2 Cl 2 and NaBH 4 (46 mg, 1.22 mmol) was added with stirring under nitrogen. After stirring for 1 h at rt, the reaction mixture was evaporated to dryness, the residue was dissolved in CH 2 Cl 2 (30 ml) and washed with H 2 O (30 ml). The organic phase was dried on MgSO 4 and the solvent was removed in vacuo. Alcohols 5 and 6 were separated by preparative TLC (CH 2 Cl 2 -MeOH 40:1). 
Method D
Compound 3 (300 mg, 0.75 mmol) was dissolved in DMF (5 ml) and 1 g of Raney nickel was added. The reaction mixture was stirred in an autoclave at 20 atm for 1 d at rt and for 2 d at 60-70
• C. Then the catalyst was filtered and washed with CH 2 Cl 2 . The filtrate was evaporated and the residue was purified by preparative TLC (CHCl . 55 mg (39.2 %) of practically racemic 1-methyl-1,2,3,4-tetrahydro-β-carboline (2) was obtained, mp [177] [178] • C (lit [20] mp [182] [183] [184] • C. The IR and NMR spectra corresponded with the reported data of 2 [21] .
5 Reduction of bis-sulfonyl derivative (7) 5.1 Method A To a solution of 7 (170 mg, 0.28 mmol) in DMF (5 ml), 0.3 ml of ethanolic hydrogen chloride (23.5 %) and 20 mg of 10 % Pd/C were added. The reaction mixture was hydrogenated at rt and atmospheric pressure for 1 d. The catalyst was removed by filtration and the solvent was evaporated. The residue was dissolved in CH 2 Cl 2 (20 ml) and washed with H 2 O (2×20 ml). The organic phase was dried on MgSO 4 , solvent was evaporated and the crude product was purified by preparative TLC (CH 2 Cl 2 -MeOH 40:1). The characteristics of obtained product (64 mg, 58.2 %) were identical with vinylsulfon (3) previously reported [6] .
Method B
Compound 7 (150 mg, 0.81 mmol) was dissolved in a 1:1 mixture of 5 ml MeOH-CH 2 Cl 2 and NaBH 4 (56 mg, 1.47 mmol) was added with stirring under nitrogen atmosphere. After stirring for 30 min at rt, the reaction mixture was evaporated to dryness, and the residue was dissolved in CH 2 Cl 2 (20 ml) and washed with H 2 O (2 x 20 ml). The organic phase was dried on MgSO 4 and the solvent was removed in vacuo. After preparative TLC (CH 2 Cl 2 -MeOH 40:1) separation 58 mg (38.4 %) of alcohol (8) • C with stirring. The resulting mixture was stirred an additional 2 h at rt, the precipitate was removed by filtration and washed with THF (2×10 mL). The combined filtrates were evaporated. (-O-CH-) , 112.19 (-CH=) , 119.87 (-C=) , 120.68 (-CH=) , 120.82 (-CH=) , 126.62 (-CH=) , 127.81 (-C=) , 132.26 (-C=), 136.11 (-CH=) , 166.04 (-CO (N)-) 5.52 (q, J =∼7 Hz, 1H, CH), 6.86 (d, J =∼7.5 Hz, 1H, Ar), 7.00 (t, J =∼7 Hz, 1H, Ar), 7.03 (t, J =∼7 Hz, 1H, Ar), 7.29 (m, 2H, Ar), 7.33 (m, 2H, Ar), 7.35 (d, J =∼8 Hz, 1H, Ar), 8.11 (bs, 1H, NH) (-CO-N-) , 169.97 (-CO-N-) H 4.97, N 10.90; found C71.57, H 4.78, N 10.71 %. 11f : The residue was flash-chromatographed on silica (PF 254 ) using CH 2 Cl 2 -MeOH (50:1) as eluent and, because of its relatively rapid decomposition, the product was reduced without further purification. Yellow oil. Yield : 0.77g (45.7 %) 
A solution of DCC (1.81g, 8.77 mmol) in CH 2 Cl 2 (40 ml) was added dropwise at 0 • C to a solution of 9 (1.61g, 8.76 mmol) , N -acylproline (2g,h) (8.10 mmol) and CH 2 Cl 2 (140 ml). The reaction mixture was stirred at rt. The white precipitate was filtered after 48 h and the filtrate was concentrated in vacuo. (-C=) , 137.58b (-C=) , 172.54b (-CO-N-) , 176.00 (-CO-N-) (-CO-N-) , 172.57 b (-CO-N-) , 174.90 (-CO-N-) 6.3 Method C Acylation of 9 with gulonic acid derivative (10j) was performed analogously with reported procedure [2d] . In a flask under nitrogen, cooled to -10 • C and fitted with a magnetic stirrer, isobutyl chloroformate (IBCF) (0.71 ml, 5.43 mmol), N -methylmorpholine (NMM) (0.66 ml, 6.00 mmol), and 1.2 ml of anhydrous CH 2 Cl 2 were introduced. To this solution 2,3,4,6-di-O-isopropylidene-2-keto-L-gulonic acid monohydrate (10j) (1.93 g, 6 .60 mmol) was added in 3.6 ml of anhydrous CH 2 Cl 2 , followed 20 min later by a solution of 9 (1.00 g, 5.43 mmol) and NMM (2.00 ml, 18.19 mmol) in 18 ml of anhydrous CH 2 Cl 2 and 4 ml of anhydrous THF. The mixture was stirred for 2 h at -10
• C. After dilution with CH 2 Cl 2 (120 ml), the organic layer was washed with brine (3 x 30 ml), dried (MgSO 4 ) and concentrated under vacuum. The residue was purified by flash column chromatography (CH 2 Cl 2 -MeOH 40:1) and because of its relatively rapid decomposition the product was reduced without further purification. 
Reduction of enamides: General procedure
Compounds (11a-j) (0.50 mmol) in different solvents and with different catalysts (see Table 1 ) were hydrogenated for 24 h. The catalyst was removed by filtration and the filtrate was evaporated. Mixtures of diastereomers (12a-j, 13a-j) were obtained in most instances quantitatively. Representative NMR data of products are given in the case of the separated diastereomers 12g and 13g.
to known 1-methyl-1,2,3,4-tetrahydro-β-carboline [21] . The yield was % depending on the hydrolyzed acyl group.
Method B
To a solution of KOH in MeOH (6 N), a mixture of diastereomers 12j and 13j (230 mg, 052 mmol) was added. After refluxing for 96 h, MeOH was removed in vacuo and saturated brine solution was added then extracted with EtOAc (3 x 30 ml). The organic layer was dried over MgSO 4 and concentrated under reduced pressure. The residue was purified by preparative TLC (CHCl . Yield 10 mg (10.3%). The obtained product (enantiomers 2a, 2b) was spectroscopically identical to known 1-methyl-1,2,3,4-tetrahydro-β-carboline [21] .
